Cellulomonas uda was grown anaerobically in a chemostat with 3.33 and 11.41 mM cellobiose in the feed medium at dilution rates varying from 0.017 to 0.29/h. Unusual results obtained were analyzed by using curves simulating the steady-state biomass. This unusual behavior could be accounted for by a classical growth model taking end-product inhibition into account. Acetate has been identified to be the major inhibitor in the experimental conditions used. Parameters calculated from experimental observations gave theoretical curves of biomass production versus dilution rate which fitted the experimental points very well.
MATERIALS AND METHODS
Strain and medium. The strain used was C. uda ATCC 21399. The culture medium contained (per liter) 3 g of NaH2PO4. 2H2O; 6 g of K2HPO4; 3 g of (NH4)2SO4; 0.2 g of MgCl2 6H20; 0.1 g of CaC12 2H20; and 0.5 g of yeast extract with a pH of 6.8. This medium was autoclaved for 30 min at 120°C.
Cellobiose was sterilized separately at 110°C and added to the chemostat reservoir at a suitable concentration.
For inhibition experiments, acetate, ethanol, and formate were sterilized by filtration (0.22-,um-pore-size filter) before addition to the chemostat reservoir.
Continuous cultures were conducted in an Interscience (NW100) apparatus equipped with a regulator system (Labo 30 RN, constructed by Interscience under Centre National de la Recherche Scientifique patent 8410098; Belaich and Cotten, 1984) associated with an RVV2 pump (Spapex, France) which maintained a constant cultivation volume. The 2-liter culture vessel contained 1.6 liters of medium maintained at pH 7 by means of a pH-stat system. Anaerobiosis was maintained by bubbling argon in the 10-liter effluent reservoir. Glass connectors and rubber tubing of thick-walled silicone for liquid pumping were used. The autosterilizable fermentor was filled and emptied with a reversible peristaltic pump. A modified 250-ml graduated cylinder was placed in line with the rubber tubing and used to check the pumping rate. The external components, such * (0) using equation 4 with Ymax = 98 g/mol, NO,max = 0.5/h, Ks = 0.17 mM, Ki = 3 mM, and Yp = 1.25 mol/mol for both cultures and with maintenance coefficients of 0.14 and 0.35 mM/g per h for the 3.33 mM and 11.41 mM cellobiose chemostat cultures, respectively. These curves were unusual and became convex toward the biomass axis at higher dilution rates. These curves intercepted the dilution rate axis at a critical value of 0.46/h. DISCUSSION The formulation used by Traore et al. (11) to obtain simulation curves of the chemostat growth of Desulfovibrio vulgaris was not satisfactory to predict the steady-state biomass of C. uda growing anaerobically on cellobiose. With C. uda, end-product inhibition had to be taken into account to explain the apparent anomalous chemostat growth response. C. uda has been shown to produce formate, ethanol, acetate, and a small amount of lactate and succinate without the evolution of CO2. The fermentation pattern was not influenced by the growth rate. When only acetate was added to the feed medium, the inhibition effect was qualitatively and quantitatively the same as the effect observed in the presence of ethanol and formate. This inhibition had no effect on the catabolic activity but provoked a drop in the cellobiose utilization rate of the culture. Organic acids are known to behave as uncouplers that allow protons to enter the cell from the medium and thus counteract the action of the proton pump. For C. uda, acetate inhibition did not affect growth energetics since the molar growth yield remained constant. It appears that acetate acts as a noncompetitive inhibitor of cellobiose metabolism, possibly at the permeation level. The effect of noncompetitive inhibition by a growth-linked product on the behavior of a chemostat culture had already been discussed by Pirt (8) . Combining the maintenance coefficient in the equations proposed by Pirt (8) enabled us to easily determine the inhibition constant of acetate.
From the proposed relation predicting the steady-state biomass, we drew simulation curves which were in very good agreement with the experimental results. It clearly appeared that inhibition by end products controlled cellobiose fermentation by C. uda. This organism could obtain a high growth rate if very little substrate was used, minimizing end-product inhibition. The apparent [Lmax, obtained in the chemostat and estimated from the interception of the representative biomass curve at the dilution rate axis, was therefore not affected by inhibition. The maintenance coefficient profoundly affected the steady-state biomass and increased with the cellobiose concentration in the feed medium. When C. uda was cultivated on cellobiose at D = 0.03/h, which was the growth rate observed for anaerobic cellulose batch growth, the amount of energy devoted to maintenance requirements reached 31% (m/Qs = 0.14/0.45) and 56% (m/Qs = 0.35/0.62) of the total energy available when growth was performed with 3.33 and 11.41 mM cellobiose, respectively. When C. uda was cultivated on cellulose, the growth substrate, cellobiose, was continuously supplied at low concentrations but end products were not removed and accumulated. This situation was, therefore, quite different from chemostat culture on cellobiose, in which inhibition by end products probably occurred in an increased manner, affecting the cellulose degradation. 
